We have determined the prototype sequence of the DNA which is eliminated in the course of chromatin diminution in Ascaris suum. This DNA which is virtually absent from somatic cells but retained in the germ line consists predominantly of highly repetitive sequences which are variants of an AT rich 123 base pair repeat unit. Both major and minor variants have been sequenced. The overall structure of this germ line limited DNA corresponds to the segmental organization characteristic of satellite DNAs. Possible correlations between the mechanism of chromatin diminution and some properties of the satellite sequence are discussed.
INTRODUCTION
In the early development of a number of species a phenomenon called chromatin diminution can be observed (1): Fragments of telomeric heterochromatin are cleaved off from the chromosomes during mitotic condensation in the presoma blastomeres of the parasitic Ascaris nematodes. While the somatic chromatids segregate normally in anaphase and are enclosed in daughter nuclei, the akinetic heterochromatic fragments are resorbed in the cytoplasm. As much as 24% of the total DNA is thus missing in all somatic cells but retained in the germ line in Ascaris suum (2, 3) , In different Cyclops species the excised heterochromatic segments are either terminal or scattered all over the chromosomes (4, 5) . In hypotrichous ciliates up to 95% of the DNA is eliminated during the formation of the macronucleus (6) .
One of the prerequisites for an understanding of the mechanism of chromatin diminution at a molecular level is the characterization of the eliminated DNA. It has previously been demonstrated for Ascaris suum that the germ line limited DNA consists predominantly of highly repetitive sequences which are composed of two major families of tandemly arranged repeat units and a variety of minor variants (7) . In a first step towards the characterization of the components involved in chromatin diminution we have now determined the nucleotide sequence of the eliminated satellite DNA.
MATERIALS & METHODS DNA Isolation
Germ line DNA was purified from Ascaris suum according to published procedures (7) . Briefly, isolated testes were homogenized in 10 mH Tris . HC1, pH 9, 10 mM NaCl, 10 mM EDTA, lysed in 1 % Sarcosyl, and digested with proteinase K. After one phenol extraction and ethanol precipitation, the pellet was dissolved in 10 mM Tris . HC1, pH 9, 10 mM NaCl, 10 mM EDTA. CsCl was added to a final density of 1.668 g/cm 3 and Hoechst 33258 to a dye / DNA ratio of 0.3. The solution was spun for 48 hr at 40 000 rpm and 15° in a Beckman 50 Ti rotor. The gradient was emptied from the top and the satellite DNA isolated. Restriction Nuclease Digestion, Gel Electrophoresis, and DNA Sequence Analysis
Avail, Bell, and Rsal were purchased from New England BioLabs, all other restriction nucleases were purified as previously described (8) . Digestions were carried out in 6 mM Tris . HC1, pH 7.5, 6 mM MgCl 2 , 6 mM B-mercaptoethanol. Digests of purified Ascaris suum satellite DNA were treated with calf intestine alkaline phosphatase (Boehringer Mannheim GmbH) and submitted to electrophoresis in a 6% polyacrylamide gel. Fragments corresponding to the monomer of the satellite repeat were then isolated. After terminal labelling according to (9) and secondary restriction nuclease cleavage the DNA fragments were denatured and separated on 0,5 mm thick sequencing-type gels (10) . The monomer fragments obtained with Bell and Avail turned out to be nicked, probably due to a site specific nicking similar to the one described for Sau3A (8, 11) . The additional fragments obtained by the secondary cleavage, however, could in each case be clearly identified. These fragments were eluted from the gel in 0.1 M NaCl, 10 mM Tris . HC1, pH 7.5, 1 mM EDTA, applied to a 3 x 30 m DEAE cellulose column equilibrated in the same buffer, washed and then eluted by 1M NaCl, 10 mM Tris . HC1, pH 7.5, 1mM EDTA. The base-specific chemical cleavage reactions were carried out as described (9, 11) .
RESULTS

Determination of the Prototype Sequence
The extent of cleavage into monomer fragments of the Ascaris suum satellite DNA by restriction nucleases depends strongly on the nuclease used (7) . In order to obtain a representative nucleotide sequence, uncloned monomer fragments were analyzed. With Bell and Avail used for the primary cleavage of the satellite DNA, and Sau3A, TaqI, Rsal, and Avail for the secondary cleavage of the terminally labelled monomer fragments, nucleotide sequences were obtained which are representative for some 70% of the satellite. The sequences obtained from the uncloned fragments correspond to the most frequent nucleotide at each position of the 5 x 10 repeat units present in the germ line (prototype sequences).
In agreement with the previous restriction analysis (7) two major variants were found. Fig. 1 shows the sequencing strategy used. With two exceptions, the sequencing gels could be read without ambiguity at all positions indicating a high homology between different repeat units and allowing an unambiguous determination of the prototype sequences. At two positions of one variant both A and T were found, at ratios of approximately 1.5 (Position 22) and 0.7 (Position 40), respectively (Fig. 2) .
Features of the Satellite Sequence
The sequences of both major variants have a high content of A and T of 65 and 66% respectively, confirming a previous estimate (12) . None of the cytosine residues are methylated according to the sequencing gels, neither in CpG dinucleotides nor at other positions. Restriction sites of Bell, BamHI, Sau3A and TaqI are found in one variant (in the following termed variant 1), and Bell, Rsal, and Avail sites in the other (in the following termed variant 2). In addition, both variants contain a large number of oligonucleotide sequences which differ only at one position from known restriction nuclease cleavage sites. A few oligonucleotide sequences are repeated but there is no obvious internal periodicity in either variant.
Although the restriction maps of the two variants are different (Fig. 1) , their sequences show a high degree of homology (Fig.  2) . They are both 123 bp long and can be completely aligned without any gaps to account for deletions or insertions. The only differences between the sequences are base changes at 24 of the 123 positions. These base changes are not clustered but appear to be scattered throughout the repeat units (Fig. 2) .
A remarkable feature of the sequences is a 24 bp region of imperfect dyad symmetry at positions 115-15 (Fig. 2) . In variant 1 only 25% of the bases deviate from a perfectly symmetric sequence, in variant 2 this deviation is somewhat larger.
Minor Sequence Variants
The restriction nuclease analysis of the Ascaris suum satellite DNA had indicated the presence of multiple minor variants of the repeat units (7) . To clarify this issue in more detail, 20 restriction sites of minor frequency for Sau3A, Rsal, TaqI, Alul, and BspRI were localized relative to the Bell sites in the two variants, leaving in each case four possible orientations. When the sequences were compared at these four sites, generally only one of them corresponded to a potential restriction site differing by 1 bp from the recognition sequence of the corresponding restriction nuclease (Fig. 2) . This makes it very likely that the minor fragments were derived from repeat units whose sequence closely resembled the one of the major variants but had acquired an additional restriction site due to sequence divergence.
To verify this interpretation, two minor fragments obtained by TaqI digestion of the Bell monomer were sequenced. Their sequences corresponded exactly to variant 2 except for a single G"fr C change at position 101 (Fig. 2) thereby creating a TaqI site and eliminating the Avail site.
DISCUSSION
We have determined the nucleotide sequence of the Ascaris suum satellite DNA. This is the first example of a sequence of DNA which is a major component of the germ line genome of a species but largely missing in its somatic genome.
The sequences obtained are representative for about 70% of the satellite DNA. Several observations indicate, however, that the remaining 30% of the satellite consist of related sequences. About 20% of the DNA not analyzed here are present in repeat units carrying an additional Bell site which are related to variant 2 according to restriction mapping (7). In addition, it has been shown in this work by sequence analysis that the minor variants are closely related to the prototype sequences. It should be pointed out, however, that our data do not exclude the possibility of a few non-satellite DNA sequences being interspersed with the satellite repeat units at large distances of about 2 kb or more.
Tobler et al. have recently cloned and sequenced some fragments of about 120 bp isolated from restriction digests of total spermatid DNA of Ascaris suum (13) . A consensus sequence of their clones is very similar to but not identical with the prototype sequence of our major variant 2. This is probably due to the limited number of clones used for the determination of their consensus sequence. The sequences of the cloned fragments are a useful and complementary extension of our determination of the prototype sequences from uncloned fragments, demonstrating the sequence variability in individual repeat units.
The over-all organization of the satellite DNA is similar to that of other satellites previously analyzed (14) :There are at least two major variants of a prototype sequence with 80% homology. Each comprises minor variants with sequences of higher homology. Scattered across the satellite are most likely random mutations which are not discernible in the sequencing gels of the uncloned DNA but can be found in the sequences of individual cloned repeat units. Since there is a strict correlation between chromatin diminution and presomatic determination on one hand, and nondiminution and germ line quality on the other, we find it quite surprising that the germ line limited DNA has such a simple sequence organization. Does the satellite sequence give any clues about a possible mechanism of chromatin diminution? Sager and Kitchin have suggested that restriction and modification like processes could be involved (15) . However, the absence of methylation in the satellite DNA makes such a type of mechanism unlikely. Cavalier-Smith has proposed a palindromic model for the telomeres of eukaryotic chromosomes (16) which was modified by Bateman (17) and he has suggested that the new chromosome ends generated in the course of chromatin diminution should also be palindromic sequences (16).
The prototype sequence of the major repeats carry a large but rather imperfect palindrome. Since about 0.1% of the satellite DNA is retained in the somatic genome in the form of tandemly arranged repeat units (7), the DNA cleavage leading to chromatin diminution should occur within the satellite DNA itself, i.e. at certain defined repeat units. It is conceivable that a particular rare variant of this sequence, e.g. a perfect palindrome, could serve as the site of DNA cleavage. Repeat units carrying such sequence should then serve as the telomeres of the somatic chromosomes.
To verify this assumption and to take a next step towards an understanding of the mechanism of chromatin diminution our attention will now focus on the few copies of the satellite repeat which are retained in the somatic cells.
